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Paraphenylenediamine (PPDA) is a known
potent cause of allergic eczematous contact-
type dermatitis in man (1). Coitact hypersensi-
tivity caused by this chemical, unlike that due
to 2, 4-dinitrochlorobenzene (DNCB), has not
been studied extensively in the guinea pig. In
the following studies we have compared some
of the characteristics of contact hypersensitivity
to PPDA with that to DNCB ii the guinea pig.
MATERIALS AND METHODS
Experimental Animals.—Healthy albino guinea
pigs of both sexes weighing between 300 and 500
grams were used.t
Haptens.—2 ,4-Dinitrochlorobenzenet was re-
crystallized from ethyl alcohol; the melting point
was 53° C. Paraphenylenediamine had a melting
point of 142° C. Since PPDA is very unstable and
oxidizes readily on exposure to air, it can not be
considered a pure compound in any of the follow-
ing experiments, but is rather a mixture of PPDA
and its oxidation products (2).
Sensitization.—Guinea pigs were sensitized by
injections into the hind footpad of a solution con-
taining five to ten micrograms of either DNCB or
PPDA in equal parts of mineral oil and complete
Freund's adjuvant (Difco). After 7 to 14 days the
animals were skin-tested. Any animal that was not
adequately sensitive was given three to five daily
paintings on a shaved surface on the nape of the
neck of a two per cent solution of the sensitizer in
ethyl alcohol.
Skin Tests.—One drop of the solution of 0.1 per
cent or 1.0 per cent PPDA or DNCB in olive oil
was spread on the shaved flank of the animals.
After 24 and 48 hours, the test areas were examined
and graded according to the following scale:
slight spotty erythema; +, confluent moderate
erythema; ++, marked erythema; +++, marked
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erytherna and edema. A reading of + or greater
was considered a positive reaction suggestive of
hypersensitivity. Donors for the passive transfer
experiments were selected from those animals that
had at least a + reaction to the 0.1 per cent and a
+± reaction to the 1.0 per cent test solution.
Preparation of Cell Suspensions—The sp leens,
lymph nodes, and thymuses were taken from the
anesthetized animals and placed in Hank's bal-
anced salt solution (BSS). In some cases Tyrode's
solution was used instead. The organs were sliced
and the slices squeezed between flat forceps to
tease the cells into suspension. The connective tis-
sue was discarded. When the cells were to be in-
jected intravenously, the suspension was suction-
filtered through 100 mesh stainless steel gauze to
insure removal of large particles which could cause
death by embolism.
Peritoneal exudate was obtained 48 hours after
intraperitoneal injection of 15 ml sterilized mineral
oil. The animals were anesthetized; the peritoneal
cavity was opened, and washed twice with 40 ml
BSS. The washings were placed in a separatory
funnel. The cells in the aqueous phase were drained
from the funnel, centrifuged at 1,500 rpm for 15
minutes, and resuspended in BSS.
Cellular Passive Transfer—Cell suspensions as
prepared above were injected intraperitoneally,
occasionally intravenously, into normal healthy re-
cipient guinea pigs of the same sex as the donors.
Recipients were skin tested 24 hours after intra-
peritoneal injection of cells or immediately after
intravenous injection. Sterile precautions were ob-
served.
Sonication.—Three ml aliquots of cell suspen-
sions were placed in glass vials and sonicated for
30 seconds at power 7, using a Branson sonifier
Model S-75. All lymph node cells and approxi-
mately 70 per cent of spleen cells were disrupted
by this procedure.
Nossal Disintegration.—Ten ml of cell suspen-
sion and 10 grams of glass beads were placed in
stainless steel Nossal tubes and shaken on the dis-
integrator for 10 seconds. The cell debris was de-
canted from the beads and the beads washed once
with BSS.
Diffusion Chambers.—Diffusion chambers were
made by gluing Millipore filters (100 millimicrons
pore size) on plexiglas rings (15 mm inside diame-
ter, 2.5 mm thickness, 8 mm depth) and thin plexi-
glas washers on the outside of the filters (Fig. 1).
The chambers were sterilized by exposure to Cry-
oxidell gas for 12 hours.
Ben Venue Laboratories, Inc., Bedford, Ohio.
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FIG. 1. Diagram of Diffusion Chamber. A. Plexi-
glas washer. B. Millipore filter. C. Plexiglas ring.
RESULTS AND DISCUSSION
Preliminary Experiments.—In preliminary
experiments, methods of sensitizing guinea pigs
to PPDA and DNCB were investigated. Al-
though it was possible to sensitize the animals
to either haptens by daily painting of a 2 per
cent alcoholic solution, a more consistent and
higher degree of sensitivity was obtained by
incorporating the hapten in complete Freund's
adjuvant. In all the following experiments the
latter method, which has been described in de-
tail above, was used to sensitize the animals.
Control skin tests were applied to normal
guinea pigs to ascertain whether or not the
doses employed were irritating to the skin of
animals from the same supplier and of the same
weight and age as those used in the experiments.
There were no reactions greater than to 0.1
or 1.0 per cent DNCB in olive oil in any normal
animals tested. Six out of 98 normal guinea pigs
tested gave a + reaction to 1.0 per cent PPDA
in olive oil. One per cent was the highest con-
centration of PPDA used for skin testing; tests
were made routinely with both 1.0 and 0.1 per
cent PPDA in olive oil. The test concentration
of PPDA recommended for clinical patch test-
ing in human cases of allergic eczematous con-
tact-type dermatitis is 2 per cent in petrolatum
(3). Landsteiner and Jacobs (4) used a test
concentration of 1 per cent PPDA in guinea
pig experiments; Sulser and Schwarz (5) used
both 1 per cent and 0.1 per cent PPDA in 70
per cent alcohol.
Cellular Passive Transfer with Intact Cells.—
The ability to passively transfer delayed hyper-
sensitivity with cells of lymphoid origin was de-
scribed by Landsteiner and Chase (6). Cellular
passive transfer has since become part of tile
definition of delayed hypersensitivity. Since
contact hypersensitivity is a type of delayed
hypersensitivity, the passive transfer of contact
hypersensitivity to PPDA was studied and
compared with the well-known passive transfer
of hypersensitivity to DNCB which was already
being studied in this laboratory.
The results of the passive transfer experi-
ments are summarized in Table I. As can be
seen, it was most difficult to obtain positive
passive transfer to DNCB when the donor-
recipient ratio was less than 6:1. A 6:1 doiior:
recipient ratio, therefore, was chosei as the
lowest ratio to be used in subsequent experi-
ments and in the PPDA experiments. In repre-
sentative experiments, cell counts were done
on the cellular preparations. The total counts,
expressed in terms of equivalent counts from
six donor animals, ranged from 7.2 x 10 to
3.6 x 10° for splenic cells, from 1.9 x 10° to
3.8 x 10° for peritoneal cells, and from 8.8 x
10 to 1.6 x 10° for lymph node cells. In experi-
ments described by Skog (7), transfer was
acomplished only with the use of large numbers
of cells, at least 0.5—1.0 x 10°.
Viability tests were also done on the cell
preparations by the dye exclusion technic (8).
Five tenths ml of the cell suspension is mixed
with 0.1 ml of 0.4 per cent erythrosin B in BSS
in a test tube. In 5—15 minutes the preparation
is examined under the microscope. Cells stained
red are dead; unstained ones are viable. Repre-
sentative cell preparations examined were found
essentially viable.
Hypersensitivity to DNCB can be passively
transferred by splenic, lymph node, thymus and
peritoneal exudate cells (Table I), as previously
shown by other authors (7, 9, 10, 11). As for
the passive transfer of PPDA hypersensitivity,
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TABLE I
Summary of passive transfer experiments
Jiapten Cell Source Treatment of Cells Donors: Recipients Psitiv/Total
DNCB
Spleen
—a
—
Nossal Disintegration
2:1_5:lb
6:1—12:1
6:1
2/30
16/29
0/3
Exudate — 6:1—12:1 2/8
Lymph Node
—
—
Osmotic Lysis
Diffusion Chamber
Nossal Disintegration
Sonicated
5:1—9:1
10:1—18:1
9:1
8:1
12:1
6:1-9:1
6/15
4/5
0/2
0/3
0/1
0/4
Thymus
—
Diffusion Chamber
Sonicated
6:1—10:1
6:1—10:1
8:1
2/3
0/3
0/1
PPDA
Spleen
—
Sonicatede
Nossal Disintegration
6:1—16:1
6:1—10:1
8:1
9/15
3/5
0/1
Lymph node
—
Sonicated
6:1—16:1
6:1—10:1
6/9
8/14
Exudate — 16:1 1/1
Thymus
—
Sonicated
Diffusion Chamber
7:1—9:1
9:1
5:1—26:1
2/2
1/1
0/3
a — Indicates untreated intact cells were transferred.
b Range of donor-recipient ratios.
Cells not completely disrupted.
analysis of the figures given in Table I for the
transfers using intact spleen cells and lymph
node cells shows the positive results to be
statistically significant. Transfer experiments
using peritoneal exudate and thymus cells are
too few for statistical evaluation. Only one other
report was found in the literature on the trans-
fer of PPDA hypersensitivity. Baer, Serri and
Kirman (12) obtained a positive transfer ex-
periment in man using PPDA sensitive periph-
eral blood cells; however, this was considered
by the authors themselves to be due to active
sensitization, not passive.
In control experiments in which normal
guinea pigs or those given only complete
Freund's adjuvant were used as cell donors,
skin tests of the recipents to both PPDA and
DNCB were uniformly negative. Negative re-
sults were also obtained in one such control ex-
periment with complete Freund's adjuvant in
which the cells from the peritoneal exudate,
spleen, lymph nodes, and thymuses were dis-
rupted by sonication before transfer and the
recipients were challenged with test doses of
PPDA.
Najarian and Feldman (13) have reported
passive transfer of homograft sensitivity, but
not tuberculin hypersensitivity, by lymphoid
cells placed in diffusion chambers which were
implanted in the peritoneal cavity of recipient
animals. It was thus of interest to know if con-
tact hypersensitivity could be passively trans-
ferred by cells confined to the peritoneal cavity
in diffusion chambers. Therefore, cells prepared
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in the usual manner were placed in four to
five diffusion chambers which were sealed and
placed in the peritoneal cavity of one recipient
guinea pig. Passive transfer was unsuccessful
in nine separate experiments. Failure of trans-
fer may be explained in two ways. First, it
may be necessary for the cells to leave the
peritoneal cavity to transfer contact hyper-
sensitivity. Second, since it was necessary to put
a great many cells in each chamber to be com-
parable to the other transfer experiments, it is
possible that many cells were destroyed in the
chamber due to overcrowding. In other experi-
ments, cells examined microscopically after 24
hours in diffusion chambers appeared to be
normal and healthy. The concentration of cells
in the latter experiments, however, was at least
ten-fold smaller than in the present experi-
ments. There is evidence that the cells in the
diffusion chambers were either destroyed and/
or produced toxic products. When the filter
paper sides of the chambers were broken after
48 hours in vivo and replaced in either the same
or a fresh recipient, the recipient died of an
unknown cause within 24 hours.
Cellular Passive Transfer with Disrupted
TABLE II
Passive transfer of contact hypersensitivity to PPDA with sonicated lymph node and thyinus cells
Experiment No. Donors:Recipients Treatment of Cells % Cells Destroyed
Peak Reactiona
0.1% 1.0%
1 6:1
Sonicated
—
99 —
2 10:1 —
Sonicated
—
100
—
—
—
—
3 9.5:1 —
Sonicated
—
50—70
4 8.5:1 —
Sonicated
—
100
+
5 8.5:1 —
Sonicated
—
100
+
6 9:1 —
Sonicated
—
100
+
to +
++
to +
7 8.6:1 —
Sonicated
SonicatedSupc
SonicatedPPtd
—
100
100
100
—
—
8 6.6:1 Sonicatede
Sonicated-Sup
Sonicated-Ppt
100
100
100
9 5:1 —
Sonicated
Sonicated-Sup
Sonicated-Ppt
—
100
100
100
+
+
—
—
+
+
—
—
a Results of skin test of recipient to PPDA.
b
— Indicates aliquot of untreated intact cells.
Supernate of sonicated cells centrifuged 20 mm at 2000 rpm.
d Precipitate of sonicated cells centrifuged 20 mm at 2000 rpm.
Recipient of intact cells died in less than 24 hours after transfer.
CELLULAR PASSIVE TRANSFER OF PPDA AND DNCB SENSITIVITY 11
Cells—The factor in or on cells which transfers
delayed hypersensitivity is unknown. To char-
acterize this factor it would be advantageous to
study it in a cell-free passive transfer system.
Passive transfer of delayed hypersensitivity
with a cell-free system is well-documented in
man, but in the guinea pig there are only a few
reports of a similar system as exceptions to
the required use of intact, viable transfer cells
(14—17). Since development of a cell-free pas-
sive transfer system in the guinea pig would be
extremely useful, we have reinvestigated the
problem using both DNCB and PPDA as
haptens.
As can be seen in Table II, disruption of cells
by any method, even sonication, eliminated the
passive transfer of contact hypersensitivity to
DNCB. In contrast, sonication of cells did not
seem to destroy as completely and as surely the
ability to confer contact hypersensitivity to
PPDA on the recipent guinea pig. The data for
lymph node and thymus cells from donors sen-
sitized to PPDA are presented in detail in
Table II. The results of the passive transfer
with the sonicated cells are compared with the
results obtained from an aliquot of untreated
cells injected intraperitoneally. In three ex-
periments an aliquot of the sonicated cells was
centrifuged at 2,000 rpm for 20 minutes and
the supernate and precipitate injected into
separate recipients. Positive results with the
supernatant fraction in two experiments, par-
ticularly Experiment No. 7, were especially
interesting since this would be a good system
by which to study and characterize the elusive
"transfer factor;" more extensive studies cer-
tainlv are called for.
SUMMARY AND CONCLUSIONS
Significant results suggesting successful cellu-
lar passive transfer of contact hypersensitivity
to paraphenylenediamine, as has been estab-
lished for contact hypersensitivity to 2,4-dini-
trochlorobenzene, are presented. It appeared
possible to transfer hypersensitivity to FPDA
with cells, completely disrupted by sonication,
which had prevented successful passive transfer
in the case of hypersensitivity to DNCB.
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